
STATE OF ALASKA

DEPARTMENT OF NATURAL RESOURCES

DIVISION OF GEOLOGICAL AND GEOPHYSICAL SURVEYS

Steve Cowper,  Governor

Judith M. Brady, Commissioner

Robert B. Forbes, Director and Stute Geologist

August 1988

Thie  report ia  a preliminary publication of DGGS.
The author ia  mlely  reqxxuible for itr content and
will  appreciate candid comments on the accuracy of
the data aa well  as  euggeetionr  to improve the report.

Report of Investigations 88-2
USING TURBIDITY TO PREDICT TOTAL SUSPENDED

SOLIDS IN MINED STREAMS IN
INTERIOR ALASKA

B Y
Stephen F. Mack



STATE OF ALASKA
Department of Natural Resources

DIVISION OF GEOLOGICAL 6 GEOPHYSICAL SURVEYS

According to Alaska Statute 41, the Alaska Division of Geological and
Geophysical Surveys is charged with conducting 'geological and geophysical
surveys to determine the potential of Alaskan land for production of metals,
minerals, fuels, and geothermal resources; the locations and supplies of
ground water and construction materials; the potential geologic hazards to
buildings, roads, bridges, and other installations and structures; and shall
conduct such other surveys and investigations as will advance knowledge of
the geology of Alaska.'

In addition, the Division of Geological and Geophysical Surveys shall
collect, record, evaluate, and distribute data on the quantity, quality, and
location of underground, surface, and coastal water of the state; publish or
have published data on the water of the state and require that the results
and findings of surveys of water quality, quantity, and location be filed;
require that water-well contractors file basic water and aquifer data,
including but not limited to well location, estimated elevation, well-
driller's logs, pumping tests, flow measurements, and water-quality
determinations; accept and spend funds for the purposes of this section, AS
41.08.017 and 41.08.035, and enter into agreements with individuals, public
or private agencies, communities, private industry, and state and federal
agencies; collect, record, evaluate, archive, and distribute data on seismic
events and engineering geology of the state; and identify and inform public
officials and industry about potential seismic hazards that might affect
development in the state.

Administrative functions are performed under the direction of the
Director, who maintains his office in Fairbanks. The locations of DGGS
offices are listed below:

.794  University Avenue .400 Willoughby Avenue
(Suite 200) (3rd floor)
Fairbanks, Alaska 99709 Juneau, Alaska 99801
(907)474-7147 (907) 465-2533

.3700 Airport Way .18225 Fish Hatchery Road
Fairbanks, Alaska 99709 P.O. Box 772116
(907)451-2760 Eagle River, Alaska 99577

(907) 696-0070

This report is for sale by DGGS for $3. DGGS publications may be %n-
spected  at the following locations. Mail orders should be addressed to fhe
Fairbanks office,

.3700 Airport Way
Fairbanks, Alaska 99709

,400 Willoughby Avenue
(3rd floor)
Juneau, Alaska 99801

.U.S.  Geological Survey
Public Information Office
701 C Street
Anchorage, Alaska 99513

. Information Specialist
U.S. Geological Survey
4230 University Drive, Room rO1
Anchorage, Alaska 99508

ii



CONTENTS

Page

Abstract ............................................................... 1
Acknowledgments ........................................................ 1
Introduction ........................................................... 1
Background ............................................................. 2
Methods ................................................................ 5

Sources of data ................................................... 5
Geographical organization ......................................... 7
Statistical methods ............................................... 8
Model validation .................................................. 10
Velocity-turbidity multiple regression model ...................... 11

Results ................................................................ 11
Summary statistics ................................................ 11
Regression equations .............................................. 18
Analysis of covariance ............................................ 24
Model validation .................................................. 26
Velocity-turbidity multiple regression ............................ 28

Discussion ............................................................. 29
Conclusion ............................................................. 30
References cited ....................................................... 31
Appendix A. Turbidity and TSS data from interior Alaska streams ....... 33
Appendix B. Explanation of statistical techniques ..................... 45
Appendix C. Model validation results .................................. 47

FIGURES

Figure 1.

2.
3.
4.
5.

6.

7.
8.
9.
10.
11.

12.

13.

14.

Plot of turbidity and TSS above and below mining, Eagle
Creek in Birch Creek basin ..............................

Interior Alaska basins with placer mining data ...............
Plot of turbidity and TSS for streams in Birch Creek basin ...
Plot of turbidity and TSS for streams in Crooked Creek basin.
Plot of turbidity and TSS for streams in the Chatanika

and Goldstream basins ...................................
Plot of turbidity and TSS for streams in the Upper Tolovana,

Chena and Koyukuk basins ................................
Plot of turbidity and TSS for sites on Crooked Creek .........
Plot of turbidity and TSS for sites on Chatanika River .......
Plot of turbidity and TSS for sites on Fish Creek ............
Plot of turbidity and TSS for sites on Tolovana River ........
Plot of turbidity-TSS regression lines for seven basins in

interior Alaska .........................................
Plot of turbidity-TSS regression lines for streams in

Birch Creek basin .......................................
Plot of turbidity-TSS regression lines for streams in

Crooked Creek basin .....................................
Plot of turbidity-TSS regression lines for streams in

Chatanika and Goldstream basins .........................

8
9

14
14

15

15
16
16
17
17

20

20

21

21

iii



15. Plot of turbidity-TSS regression lines for streams in the
Upper Tolovana and Chena basins......................... 22

16. Plot of turbidity-TSS regression lines for sites on
Crooked Creek . . . . . . . . . . . . ..I............................ 22

17. Plot of turbidity-TSS regression lines for sites on
Chatanika River ..*...,....,............................. 23

18. Plot of turbidity-TSS regression lines for sites in the
Upper Tolovana River and Chena basins................... 23

19. Plot of regression equation coefficients of determination
and standard errors of estimate......................... 25

20. Plot of turbidity and TSS by year, Chatanika River below
Faith Creek, 1983-84 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

21. Plot of turbidity and TSS by year, Crooked Creek .
at Central, 1984-85 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

22. Z score distribution for 1985 Chatanika and Tolovana data
and 1983 ACFRU data . . . . . . . . . ..*......................... 28

TABLES

Table 1. Summary statistics for streams and sites with 15 or more
observations . . . . . . ..a................................... 12

2. Summary of regression equations and covariance analysis
for basins, streams and sites in interior Alaska........ 18

3. Summary of covariance analysis by year.,......,.............. 26
4. Comparison of multiple and simple linear regression equations

from Crooked Creek basin ,.*.,.,.............,........o.. 29

iV



USING TURBIDITY TO PREDICT TOTAL SUSPENDED SOLIDS
IN MINED STREAMS IN INTERIOR ALASKA

by
Stephen F. Mack'

ABSTRACT

Data from mined streams in interior Alaska were used to determine the
extent to which data from different locations can be combined to predict
total suspended solids (TSS) from turbidity measurements. Data were trans-
formed into logarithms with log TSS regressed on log turbidity using linear
regression. Coefficients of determination (r') for equations derived from
measurements in seven basins, 15 streams and 18 sites ranged from 0.261 to
0.996 with standard errors of estimate (SEE) ranging from +155  percent
(-61 percent) to +14 (-13 percent). Covariance analysis indicated relation-
ships between TSS and turbidity data collected from different basins to be
statistically different; turbidity-TSS relationships of data from different
streams within a basin may also differ, and relationships of data from
different sites within a stream may differ. Also, data collected in separate
years may have statistically different relationships. Model validation con-
firmed the uncertainty of using previous years' data. At one site, multiple
regression with turbidity and average velocity used as predictors for TSS
improved the r2 from 0.20 of a simple turbidity-TSS model to 0.68 and reduced
SEE from +98 percent (-49 percent) to +49 percent (-33 percent).
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INTRODUCTION

This report presents the results of an investigation of the statistical
relationship between turbidity and total suspended solids (TSS)  in free-
flowing, placer-mined streams in interior Alaska. Because of high levels of
sediment discharge, increasing scrutiny is being directed at the placer
mining industry, To determine the impact of discharged sediment, samples
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from mined streams are collected and analyzed, both for turbidity and for
TSS. The turbidity parameter is easier, less time consuming, and less
expensive to measure. If a good statistical relationship between turbidity
and TSS can be established, turbidity analysis would serve for most purposes.
A good statistical relationship is defined as one which has an acceptable
coefficient of determination (r2) and standard error of estimate.

Several government agencies and consulting firms have collected a
considerable amount of paired turbidity and TSS data from placer-mined
streams in interior Alaska during the past 3 yr. I have organized these
observations on a basin-stream-site basis and applied statistical techniques
to determine the feasibility of predicting TSS from turbidity, using existing
data.

BACKGROUND

Placer mining entails locating free gold in alluvial (placer) deposits
near bedrock, uncovering the gold-bearing layer (stripping), and separating
gold from sand and gravels (sluicing). Stripping and sluicing, as practiced
in Alaska, often results in the discharge of noticeable amounts of sediment
into many bodies of water that otherwise would be virtually sediment free.
This is contrary to state and federal laws by which the placer mining
industry is more and more being governed.

Two parameters by which the impact of placer mining on water bodies is
measured are turbidity (which relates to the muddiness or cloudiness of the
water), and TSS (which describes the physical amount of sediment in the water
column).

Turbidity is defined by APHA (1985) as ‘the expression of the optical
property that causes light to be scattered and absorbed rather than trans-
mitted in straight lines through the sample.’ Such scattering and absorption
is caused by particles--clays or silts, algae, organic detritus, and other
fine insoluble sediments --suspended in the water (Hach  and others, 1984). In
Alaska , turbidity is measured by turbidimeter, in nephelometric turbidity
units (NTU). Nephelometry is the measurement of light scattered at right
angles to the incident light beam passing through a sample (Hach  and others,
1984). The deleterious effects of turbidity include, but are not limited to,
aesthetic and functional impairment of recreational use, impaired product-
ivity and adverse impacts on the food chain because of reduced light penetra-
tion, avoidance by fish populations, and impaired treatment of drinking water
(Peterson and others, 1985).

Turbidity measurement requires a properly calibrated turbidimeter and
appropriate glassware. Portable turbidimeters are available which can
accurately measure turbidity in the field. Nephelometric turbidimeters can
measure values to 100 NTUs;  however, the standard method requires dilutions
to below 40 NTU (APHA, 1985). Placer-mined streams are often above 100 NTU
and may require several dilutions.

TSS is defined by APHA (1985) as ‘the portion of total solids retained
by a glass-fiber filter. ’ TSS is reported in concentrations (usually milli-

-2-



grams per liter) and represents the mass of non-dissolved solids contained in
the water column. TSS is not to be confused with settleable solids, which is
the volumetric quantity of solids that will settle in an Imhoff cone in 1 hr
(APHA, 1985) and are reported in milliliters per liter. This project did not
investigate any relationship between turbidity and settleable solids.

Recent research connects high TSS concentrations to biota damage,
including impacts on fish at various life stages and impacts on invertebrates
(Peterson and others, 1985). TSS, combined with discharge, gives an estimate
of sediment load, which is the total amount of sediment carried by a stream.

TSS measurement requires ovens, analytical balances, and glassware for
filtering samples, and is not practical outside a properly equipped labora-
tory. TSS analysis requires more time than turbidity measurements. Samples
must be filtered (which can take hours with silt-laden samples) and dried in
an oven. Turbidity measurements can be done in the field and require only
time for the turbidimeter readout to stabilize and, for highly turbid
samples, time for dilutions.

Extensive literature exists on the relationship of turbidity to TSS.
Measurement of turbidity was developed as an index of suspended material
concentrations, but it has been long recognized that no single, universal
relationship is applicable (Lloyd, 1985); turbidity is an optical measurement
of reflected light, whereas TSS is measured by the actual mass of particles
retained on filter paper. Investigators have found that particles with very
little mass can cause turbidity; in fact, much of the variation in turbidity
is attributed to particles 10 microns or smaller (Nichols, 1986). Samples
with identical TSS measurements but differing particle sizes can have very
different turbidity measurements. Conversely, of two samples with similar
turbidity measurements, the sample with coarser material can measure substan-
tially higher in TSS (Nichols, 1986). Particle size may vary less in streams
affected by placer mining because of effluent treatment, which is usually in
the form of settling ponds. Settling ponds do a poor job of removing part-
icles smaller than 25 microns (Dames and Woore, 1986), and because finer
particles are also most responsible for turbidity, placer-mined streams may
exhibit less variability from differences in particle size.

A consideration of the sources of error in turbidity and TSS measure-
ments is necessary for developing a relationship between turbidity and TSS.
Nichols (1986) identified four sources of error: (1) error in sample collec-
tion; (2) subsample error; (3) error in turbidity analyses; and (4) error in
TSS analyses.

The first source, 'error in sample collection,' refers to whether the
sample collected is representative of the whole stream cross section; this
category is not applicable to the project reported here. Development of
regression equations require only that TSS and turbidity samples be taken at
the same time and at the same location, regardless of whether samples are
representative of an entire cross section.

-3-



The second source, 'subsample error,' however, is important to the
project reported here. TSS and turbidity samples are commonly collected in
bottles with a capacity in excess of what is needed for analysis, and sub-
samples are then taken from these bottles for the actual analysis. The
subsample error factor becomes most critical when samples contain coarse
particles, because these start settling immediately after a thorough shaking,
and the subsample may not contain a representative proportion of the coarser
particles.

The third source, 'error in turbidity analyses,' has received the most
attention. Pickering (1976) recommended that the U.S. Geological Survey stop
reporting turbidity because of measurement error. Nichols (1986) extensively
studied this type of error. In the past, turbidity was measured by various
methods which reported in similar, but not identical, units. Nephelometry is
now the standard method and is used in Alaska for measuring turbidity in
placer-mined streams. Although nephelometry is the only method used, several
brands --and models within brands --of nephelometric turbidimeters are used,
and there is concern that these instruments do not report identical results.
Nichols (1986) tested three turbidimeters on replicate samples from a placer-
mined stream and found the results varied from 6 to 20 percent between instru-
ments. For each set of replicates, the coefficients of variation for the
instruments ranged from 1 to 15 percent. Rounding data according to standard
methods (APHA, 1985) may help reduce error due to variation in turbidimeter
brand or model (Peterson and others, 1985).

The fourth source, 'error in TSS analyses,' appears to be attributable
mainly to subsample error (Nichols 1986). Paralleling turbidity variability
trials cited above, Nichols also tested TSS variability of replicate samples
and found higher coefficients of variation for TSS replicates (10 to 33 per-
cent) than for turbidity (2 to 10 percent) between corresponding replicate
sets.

In spite of problems in relating TSS to turbidity, numerous attempts
have been and continue to be made to relate the two parameters. Lloyd (1985),
Peterson and others (1985), and Nichols (1986) have summarized the attempts
of others, and Lloyd and Nichols have added their own equations. It is
apparent from viewing the equations and their graphical representations that
no one equation best describes the TSS-turbidity relationship (Peterson and
others, 1985). Nichols found a statistical rationale for the common practice
of using a logarithmic transformation of the data and commented that although
all authors report the coefficient of determination (r'), few give an esti-
mate of the equation error. Both Nichols (1986) and Peterson and others
(1985) caution that although turbidity-TSS equations can be useful, the error
associated with the correlation must be known. Scatterplots of the data must
be analyzed to determine if data are clustered into discrete groups, and the
relationship should be periodically updated. The regression model must con-
sider drainage, season, and discharge and is best based on data from similar
sources, such as glacial streams or placer-mined streams (Peterson and others,
1985).

Nichols (1986) tested these recommendations on a placer-mined stream
near Fairbanks. Collecting samples above mining, directly below sluicing,
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and below settling ponds, he found the da,ta clustered in distinct groups.
Regression equations for the clusters predicted TSS with average errors of
25 to 30 percent, a result which compares well with those of other investiga-
tors. The error associated with predicting individual TSS concentrations
from turbidity was much higher---600 to 1,700 percent.

The investigation reported here follows the work of Lloyd, Peterson and
others, and Nichols. A quantity of data exists, collected by several investi-
gators from several sites in interior Alaska, and, although the experience of
other investigators indicates that equations from different areas differ
statistically, it was hypothesized that because placer mining is essentially
similar throughout interior Alaska, equations predicting TSS from turbidity
might be similar enough to formulate one equation for the entire area or for
the area within a single basin. By organizing data on a geographic basis,
using the computer to generate site, stream and basin-specific equations, and
applying appropriate statistical techniques, one might determine to what
extent historical data can be used and whether the concept of one predictive
equation has merit.

In natural streams with no large point source of sediment such as placer
mining, a positive relationship exists between sediment concentration and
discharge or velocity (Leopold and Haddock, 1953). In streams affected by
placer mining, the point source input from sluicing operations overwhelms
this balance to the extent that dilution from extreme events may result in a
negative relationship. However, in such streams, sediment settles from the
water column onto stream bottom during low flows and resuspends during high
flows, which affects the turbidity-TSS relationship. All other things being
equal, particle size distributions in the water column will vary with flow,
and coarser particles will be suspended at higher velocities. Because
turbidity-TSS relationship is affected by changes in particle size distri-
butions within the water column, variation in particle size distributions
over a wide range of flows may introduce considerable error into a simple
regression which uses turbidity as the predictor variable. To investigate
this, I constructed a multiple regression model using turbidity and velocity
variables to predict TSS.

Discharge data containing information needed to estimate velocity were
available for many observations from the Crooked Creek basin, but investi-
gators have not routinely measured discharge during water quality sampling,
so multiple regression could not be applied to the entire database. Velocity
was used as a variable in order to combine observations from different sites
and construct a basin model.

METHODS

Sources of Data

Eight data sources were used in the development of the project database:

1. Alaska Division of Geological and Geophysical Surveys (DGGS)
placer mining research program (Mack and Moorman  1986);
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2.

3.

4.

5.

6.

7.

8.

United States Environmental Protection Agency (EPA) STQRET
database (USEPA  1985) ;

Alaska Department of Environmental Conservation (DEC), Environ-
mental Quality Monitoring and Laboratory Operations data from
1983-85 (ADEC 1984, ADEC 1985, Hock 1986);

Alaska Department of Fish and Game (ADF&G), Habitat Division
miscellaneous data from 1983-5 (Weber 1985);

‘Fairbanks Area Ambient Water Quality Study, Placer Related
B a s i n s ,  1 9 8 4 , ’  ( d r a f t ) ,  J e r r y  H i l g e r t ,  I n s t i t u t e  o f  N o r t h e r n
Forestry (INF),  USDA;

‘Placer Mining Wastewater Settling Pond Demonstration Project
Report, ’ R&M Consultants, Inc., 1982;

‘Placer Mining Wastewater Treatment Technology Project,’ Phase 2
Report, Shannon & Wilson, Inc., 1985; and

data collected by the Alaska Cooperative Fishery Research Unit
(ACFRU) investigators f o r  s e v e r a l  p r o j e c t s  d u r i n g  1 9 8 2 - 8 3
(Wagener 1984).

T h e  t o t a l  d a t a b a s e  o f  o v e r  1 , 1 0 0  o b s e r v a t i o n s  d o e s  n o t  c o n t a i n  a l l
available data. Data collected directly below a sluice or pond outlet was
n o t  i n c l u d e d ,  b e c a u s e  p a r t i c l e  s i z e  d i s t r i b u t i o n s  a f f e c t  t h e  t u r b i d i t y - T S S
r e l a t i o n s h i p  a s  l a r g e r  p a r t i c l e s  s e t t l e  o u t  i n  s e t t l i n g  p o n d s  a n d  i n  t h e
stream channel. By avoiding data so directly affected by mining, the effect
of particle size distributions was minimized. No data from R&M Consultants
(1982) were used, and other data sources - - - p a r t i c u l a r l y Shannon and Wilson
(1985) ---were scrutinized to make certain that only data from sites 500 ft or
farther from mining operation outlets were included in the database.

The EPA STORET database contains sample replication where, in some
instances, an investigator collected multiple samples within a short time
span. Because of concern that replicates might bias the results toward the
replicated samples, only data from the first sample was included when samples
were taken less than 30 min apart by the same investigator at the same site.
Even with this restriction, the database is not temporaliy homogeneous. Much
of the data came from intensive, short studies at sites where, for example,
samples might be collected on a 3-hr basis for 3 days. Because of the
diurnal change in turbidity and TSS below a mining operation due to starting
and stopping of work, a range of values will be included; but it must be
assumed that the relationship present for this short time did not vary
throughout the operating season. These types of data are mixed with observa-
tions taken on a daily or weekly basis, or miscellaneous samples that were
not part of a systematic monitoring program.

Paired turbidity-TSS data not determined from weighing a dried filter
were not used in development of the equations. TSS data reported by Wagener
(1984) were calculated from total solids, using a conversion developed from
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conductivity. Although this is a standard method, I felt that inclusion of
these data might introduce additional error to the equations. Wagener's data
were used later to check the predictive value of the equations.

Considerable scatter can exist in the reported data at lower levels of
turbidity and TSS. Figure 1, a plot of turbidity and TSS from Eagle Creek
above and below mining, is a vivid demonstration. It shows well the cluster-
ing described by Nichols (1986). When these data are combined, the sample
coefficient of determination (r') value (0.952) is high; however, a correla-
tion based only on data from sites above mining operations results in a poor
r2 value (0.031). A correlation analysis based on data from sites downstream
from mining operations results in a poorer r2 (0.837) than the combined data,
but the equation is more descriptive of the turbidity-TSS relationship within
placer-mining areas, and the equation error is less. In this instance, the
standard error of estimate (SEE) for combined data is 0.412 (+158, -61 per-
cent), and for data from sites below mining activity SEE = 0.115 (+30,-23
percent).

A problem arose in using data from different sources, because of differ-
ing TSS reporting procedures among laboratories. Various labs reported low
TSS values to within one to three significant figures; thus, for different
labs, 1 could be equivalent to 0.6 or 1.4, which, in turn, could be equiva-
lent to 0.56 or 1.44. This was further complicated by varied lower detection
or reporting limits. Detection limits for data used in this study ranged
from 0.01 mg/L  to 4 mg/L. Because 4 mg/L  is a high detection limit for clear
streams, considerable scatter can be introduced when paired with turbidity
data reported to the nearest hundredth, down to 0.01 NTU. Less variability
was noticed in the reporting procedures for turbidity. These reporting
problems may not greatly affect the sample coefficient of determination, but
may affect the equation error.

Because of the reporting and clustering problems with lower value ob-
servations, the database used for regression analyses included only those
observations with turbidity greater than 5 NTUs. Although admittedly
arbitrary for the purposes of this project, 5 NTUs is a justifiable limit,
because it is the background turbidity drinking water supply standard for the
State of Alaska (ADEC, 1979). Deletion of observations with turbidity less
than 5 NTUs reduced the database to 885 observations.

Geographical Organization

Investigations were conducted mainly in placer-mining areas accessible
by road, near Fairbanks and along the Steese, Elliot, and Dalton Highways.
Streams in these areas eventually drain into the Yukon River via the Tanana
and Koyukuk Rivers and Birch Creek. Major drainage basins used in the study
are described in the draft U.S. Geological Survey Hydrological Unit Map of
Alaska (USGS, 1985); smaller basins were delineated where data were available.
Seven basins were selected: Birch Creek, Crooked Creek, Chena River, Chatanika
River, Goldstream Creek, Upper Tolovana River, and Koyukuk River (fig. 2).
Analysis was broken down further to creeks and rivers within the basins, and
to sites on those creeks.
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Figure 1. Plot of turbidity and TSS above and below mining, Eagle Creek in
Birch Creek basin.

Statistical Methods

Statistical methods employed for this project included logarithmic
transformation of data, simple and multiple linear regression, coefficient of
determination, standard error of estimate, and analysis of covariance models.
Turbidity and TSS values were transformed to logarithms for regression
analyses. The wide range of values displayed well on a logarithmic scale,
and an initial plot of the data on linear scale showed a power curve that
appeared straight on a logarithmic scale. Nichols (1986) investigated the
rationale behind logarithmic transformation of data in the development of
turbidity-TSS relationships, and his residual analysis indicated that a
logarithmic transformation of both turbidity and TSS best fit the data.

Linear regression uses the relation between two or more variables to
predict one from the other(s) (Neter, Wasserman, and Kutner, 1985). A simple
linear regression model is expressed in the equation y = a + b(x), where 2 is
the predictor variable (in this case, turbidity), y is the response variable
(TSS), b is the slope of the line, and 2 is the y-axis intercept. Because
the analyses were performed on log transformed data, the regression equations

-8-



6
--
K

I-

Figure 2. Interior Alaska Basins with placer mining data.



can be expressed as power functions in the form of 11.  = ax($), where the
terms are defined as above.

The coefficient of determination (r2) and standard error of estimate
(SEE) indicate how well the regression equation fits; r2 can be interpreted
as the proportionate reduction of variation in the response variable assoc-
iated with the predictor variable. It always lies between 0 and 1; the
closer to 1, the greater the linear association between the two variables
(Neter, Wasserman, and Kutner, 1985).

The r2 indicates how well two variables are linearly associated but does
not show how much error would be involved if the model were used for predic-
tive purposes. Since the predictive value of the turbidity-TSS relationship
is of primary importance to this project, error analysis is crucial.
Standard error of estimate (SEE) is one way of reporting error. SEE, the
positive square root of the regression model mean square error, is an esti-
mator of regression model standard deviation (Neter, Wasserman, and Kutner,
1985). For this project, SEE, reported in percent, was used as an estimator
of standard deviation for the predicted TSS for any turbidity value.
Appendix B describes calculation method and contains sample calculations.

In order to determine to what extent data from different areas can be
combined to develop useful predictive equations, it was first necessary to
determine whether the predictive regression equations for different groups of
data (for example, data from different basins) were similar at a specified
confidence level. To determine the similarity of data from different groups,
a covariance model was developed by adding qualitative indicator variables
for each data group, and tested to determine if indicator variables improve
the model. The assumption was that if indicator variables do not improve the
model, they are not needed, and the data can be combined to develop one
equation. Covariance analysis assumes (1) independence of observations,
(2) normality of residuals, and (3) common variability of the points around
the individual regression lines. Data used for this project were independent
observations. The latter two assumptions were not studied but were assumed
to hold. Appendix B contains a more detailed description of covariance
analysis.

The calculations were performed on the University of Alaska-Fairbanks
VAX computer using the GLM (general linear model) procedure of the SAS
statistical package (SAS, 1985a,b). Both turbidity and TSS were transformed
into base-10 logarithms, and all analyses were performed on transformed data,
All pairs had site, stream, basin, collection date, and source descriptors to
enable analysis on any of these. Geographical descriptors were based on the
USGS hydrologic unit map and hierarchical in nature, which allowed analysis
of subbasins or streams within larger basins.

Model Validation

Following the statistical practice of Neter, Wasserman, and Kutner
(1985) to measure the predictive value of a model with data not used in the
model development, paired data from placer-mined streams in interior Alaska
which had not been included in the principal database were used to measure
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the predictive ability of the equations. DEC fiscal year 1986 placer-mining
data from the 1985 summer (DEC, 1986) and Alaska Cooperative Fishery Research
Unit data from the 1983 summer (Wagener, 1984) were used. TSS was estimated
from turbidity values reported by those researchers, by using the most
appropriate regression equation indicated from analysis of covariance. Re-
sults were compared with reported TSS, and a Z score was calculated by divid-
ing the difference between the reported and predicted TSS by the regression
equation SEE. The Z score gives a relative measure of how close, in
multiples of SEE, the predicted value is to the reported value. A negative Z
score means the model overpredicted.

Velocity-turbidity Multiple Regression Model

Velocity estimates were available for 76 paired turbidity-TSS observa-
tions from the Crooked Creek basin, including 16 observations on Crooked
Creek at Central. These estimates were developed from staff gage readings by
using velocity rating curves. Multiple regression models and accompanying
statistics were developed using the GLM procedure of the SAS statistical
package (SAS, 1985b).

RESULTS

Summary Statistics

The complete database used for this project contains 1,100 observations
from approximately 140 sites in seven basins: Birch Creek (excluding Crooked
Creek), Crooked Creek, Chena River, Chatanika River, Goldstream Creek, Upper
Tolovana River, and Koyukuk River (app. A).

Regression equations used only those observations where turbidity was
greater than 5 NTU. Of these 885 observations, 552 observations (62 percent)
came from 18 individual sites which had 15 or more observations, and 766
observations (87 percent) came from 15 streams with 15 or more observations.
Summary statistics for these sites and streams are presented in table 1. On
7 of the 15 streeams (Eagle, Gold Dust, Deadwcod,  Ketchem,  Mammoth, Gilmore,
and Goldstream Creeks), 70 percent of the observations came from one of the
18 individual sites (above), and on 4 (Crooked and Fish Creeks, and Chatanika
and Tolovana Rivers) over 70 percent came from 2 or 3 sites with 15 or more
observations. Even though the observations came from a large geographic
area, most data came from relatively few sites on a few streams. Investiga-
tors from other agencies and consulting firms also use these road-accessible
sites.

The Koyukuk River basin was an exception ---probably because of its dis-
tance from Fairbanks. No stream in this basin had even 10 observations.
Existing data were mainly from sites along the Dalton Highway.

Figures 3 through 10 present plots of paired observations grouped
according to stream or site location. None of the stream data exhibit the
definite cluster pattern demonstrated by figure 1, but the site data do show
a more clustered pattern. Figure 9 points up the problem with using data
from different sources. The data from Fish Creek below Lucky 7 were
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Table 1. Summary statistics for streams and sites with 15 or more
observations.

Turbidity Total suspended solids
(in NT&) (w/L)

Location Na- Mean SDb Max Min Mean SDb Max Min-I_

A. Birch Creek Basin

1. Lower Birch Cr
a. Birch ab

Crooked Cr

44 39.2 46.6 240 6.4 75.1 138 770 12.7
16 15.08 9.48 32 6.4 71.6 187 770 14.8

2. Eagle Cr
a. Eagle b GHD

3. Gold Dust Cr
a. Gold Dust

b GDM

47
46

18
18

1770
1654

1590
1590

1150
860

1220
1220

7000
3500

5000
5000

130
130

100
100

1450 1440
1312 695

1180 947
1180 947

10000 85
3190 85

3040 52
3040 52

4. Upper Birch Cr 16 739 542 2100 270 872 688 2640 244

B. Crooked Creek Basin

1. Crooked Cr
a. Crooked Cr

at Central
b. Crooked Cr

ab mouth

96
38

19

459 412
663 482

33 392 361
33 564 417

134 68.1

1900
1900

310 60 110 55.9

1530 37
1532 37

250 55.2

2. Deadwood Cr
a. Deadwood Cr

at CHSR

36 875 991 3500 45 1540 1540 5980 23
32 866 995 3500 45 1559 1569 5980 23

3. Ketchem Cr
a. Ketchem Cr

at CHSR

22 1640 1700 5100 110 2600 3200 9300 97.6
20 1737 1750 5100 210 2800 3290 9300 97.6

4. Mammoth Cr
a. Mammoth Cr

at Steese

32 383 324 1300 16 493 457 1810 88
27 380 286 1200 50 496 459 1810 88

5. Porcupine Cr 34 167 162 750 23 186 270 1470 16.5

baNumber  of observations.
Standard deviation.
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Location

C. Chena River Basin

1. Fish Cr
a. Fish Cr

b Gold Dredge
b. Fish Cr

b Lucky 7

D. Chatanika River Basin

1. Chatanika R
a. Chatanika R

at 39 mile
b. Chatanika R

at Long Cr
c. Chatanika R

b Faith Cr

2. Faith Cr
a. Faith Cr

at Steese

E. Goldstream Creek Basin

1. Goldstream Cr
a. Goldstream Cr

b Fox

2. Gilmore  Cr
a. Gilmore  Cr

b BD Mining

F. Tolovana River Basin

1. Tolovana R
a. Tolovana R

at TAPS
b. Tolovana R

ab West Fork

Table 1. Continued.

Turbidity Total suspended solids
(in NTUs) &g/L)

Na Mean SDb Max Min Mean SDb Max Min- - P--P-- -

67 214
22 16.5

43 623

225 1100 6.9 192 225 950 15
7.18 36 6.9 51 78.4 396 15

212 1100 45 271 242 950 20

151 40.2 51 310 5.1 52.2 82.2 500 2
15 12.7 14.9 65 5.1 10.5 10.2 32 2

53 21.4 20 95 6.2 20 22.8 100 3

56 74.6 68.1 310 6.2 102 113 500 6

27 215 498 2600 6.7 233 375 1890 14
17 75.1 43.1 140 14 120 112 416 14

50 269 123 800 30 323 241 1400 30
36 284 105 800 65 335 239 1400 140

50 1650 1100 5300 60 479 271 1300 20
44 1810 1070 5300 280 506 273 1300 20

76 20.8
30 18.1

36 18

23.8 180 5.4 61.6 176 1400 7.2
10.1 40 6.1 39.1 43.6 238 11

9.16 38 5.4 33.9 19.2 83 13

collected by a consulting firm (R&M) for a summer-long project and reflect a
variety of seasonal conditions. The data from Fish Creek below Gold Dredge
were collected by EPA researchers during a 3-day span and have a much tighter
cluster pattern.
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Regression Equations

Table 2 presents regression equation coefficients with descriptive
parameters for all sites and streams with 15 or more observations, for the
seven basins, and for the combined interior Alaska database along with the
results of the analysis of covariance.

Table 2. Summary of regression equations and covariance analysis for basins,
streams, and sites in interior Alaska.

[Equations in the,form  y = a*(~~), where y = TSS, 2 = turbidity,
a = v axis intercept, and b = slone. N = number of observations.]
- L

Location N-

885

133

44
16
47
46
18
18

-

a-

2.317

2.630

3.540
2.158
1.416
2.046
1.259
1.259

.

b r2-

0.813

0.899

0.468
0.372
0.847
0.837
0.671
0.671

+SEE(%) -SEE(%) F*<F?l

Interior Alaska

Birch Cr Basin

1. Lower Birch Cr
Birch Cr ab CC

2. Eagle Cr
Eagle Cr b GHD

3. Gold Dust Cr
Gold Dust Cr
b GDM

4. Upper Birch Cr

Crooked Cr Basin

1. Crooked Cr
Crooked Cr

ab Boulder
Crooked Cr

at Central
Crooked Cr

ab mouth
2. Deadwood Cr

Deadwood Cr
at CHSR

3. Ketchem Cr
Ketchem  Cr

at CHSR
4. Mammoth Cr

Mammoth Cr
at Steese

5. Porcupine Cr

1

0.851

0.840

0.731
1.014
0.924
0.871
0.911
0.911

112

75

104
119
33
30
102
102

53 no

43 yes

51
54
25
23
51
51

16 1.249 0.989 0.944 17 15

239 2.000 0.900 0.730 103 51 no

96 3.589 0.748 0.553 73 42 Yes
9 0.032 1.504 0.549 23 19

38 14.655 0.535 0.261 123 55

19 2.178 0.821 0.256 97 49

36 5.012 0.859 0.767 82 45
32 4.656 0.863 0.769 86 46

22 1.982 1.028 0.839 82 45
20 1.406 0.999 0.863 74 43

32 10.328 0.638 0.711 52 34
27 1.858 0.928 0.808 40 28

34 0.713 1.044 0.696 81 45

'A 'no' in this column indicates that the equations which, when combined,
would make up this geographical unit are statistically different at the
95 percent confidence level. For example, the 'no' for the interior Alaska
equation indicates that the basin equations within interior Alaska are
statistically different from each other. A 'yes' indicates the equations
are statistically similar.
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Location

Chena River Basin

1. Fish Cr
Fish Cr

b Gold Dredge
Fish Cr

b Lucky 7
2. Little Chena

Chatanika R Basin

1. Chatanika R
Chatanika R

at 39m
Chatanika R

at Long
Chatanika R

b Faith
2. Faith Cr

Faith Cr
at Steese

Goldstream Cr Basin

1. Goldstream Cr
Goldstream Cr

b Fox
2. Gilmore  Cr

Gilmore  Cr
b BD Mining

Upper Tolovana
River Basin

1. Tolovana R
Tolovana R

at TAPS
Tolovana R

ab West Fork
2. Livengood Cr

Koyukuk R Basin

N

96

67
22

43

14

186

151
15

53

56

27
17

a b

3.311 0.771

5.598 0.630
1.153 1.261

1.315 0.879

0.124 2.108

0.932 1.034

0.729 1.098
0.771 0.965

0.473 1.179

2.280 0.844

1.770 0.930
0.611 1.186

r2-

0.648

0.629
0.627

0.370

155

107
55

124

95

90

88
115

47

85

56
57

61

52
35

55

0.782

0.789

0.743
0.418

0.803

0.610

0.881
0.787

49

47

47
54

32

46

36
36

112 5.808 0.651 0.602 97 49

50 5.781 0.694 0.320 76 43
36 1.274 0.967 0.385 52 34

50 4.560 0.627 0.657 51 34
44 0.848 0.852 0.719 44 31

88 1.500 1.083 0.841 35

76 1.233 1.157 0.778
30 1.419 1.088 0.673

36 3.126 0.814 0.722

12 1.871 1.015 0.882

31 5.768 0.867 0.635

53

50
53

34

74

140

33
35

25

43

58

Table 2. Continued.

+SEE(%) -SEE(%) F*<F?l

no

no

yes
no

no

yes

yes

Figures 11 through 18 show regression lines plotted by basin and stream
location. The regression which included all 885 observations had a coeffic-
ient of determination of 0.813 but a standard error of estimate of
+112 percent (-53 percent). Coefficients of determination for the basin
equations ranged from 0.602 (Goldstream Creek basin) to 0.899 (Birch Creek
basin). Four of seven equations had standard errors of estimate less than
+lOO  percent.
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Figure 11. Plot of turbidity-TSS regression lines for seven basins in
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Figure 12. Plot of turbidity-TSS regression lines for streams in Birch Creek
basin.
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Figure 16. Plot of turbidity-TSS regression lines for sites on Crooked Creek.
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Figure 18. Plot of turbidity-TSS regression lines for sites in the Upper
Tolovana River and Chena basins.

- 23 -



For the stream data equations, the equation coefficients and regression
parameters ---coefficient of determination (r2)  and standard error of estimate
(SEE) varied considerably; r2 ranged from 0.320 (Goldstream Creek) to 0.996
(Upper Birch Creek), and r2 in 13 of 15 equations was over 0.50. SEE varied
from +107  percent (-52 percent) with Fish Creek data to +17  percent
(-15 percent) for Upper Birch Creek, and +SEE value was less than 100 percent
in 12 of 15 equations.

The variation of equation descriptors (r2, SEE) for site equations was
similar to that of stream equations; r2 ranged from 0.262 at Crooked Creek at
the bridge to 0.863 at Ketchem  Creek at the Circle Hot Springs Road. In
13 of 18 equations, r2  was over 0.50. Other sites with relatively poor r2
values were Birch above Crooked Creek (0.372), Fish Creek below Lucky 7
(0.370); Chatanika at 39 mile Steese (0.418),  and Goldstream below Fox
(0.389).

SEE for site equations ranged from +30  percent (-23 percent) to
+124  percent (-55 percent) and 13 of 18 were less than +lOO  percent. An
inverse relationship generally existed between SEE and r2 for the site equa-
tions; that is, equations with the lowest r2  had the highest SEE. Figure 19,
a plot of coefficients of determination and corresponding standard errors of
estimate for site and stream equations, demonstrates the scatter that oc-
curred with these equations. No general conclusion can be drawn about
whether combination of data into stream equations improved, reduced, or
averaged the regression parameters.

Analysis of Covariance

For streams with two or more sites, for basins with two or more streams,
and for all interior Alaska data, analysis of covariance was performed. The
results of this work are presented in column 8 (F*cF?)  of table 2. A ‘yes’
in this column indicates that the equations describing the data groups in-
cluded in the covariance analysis were statistically similar at the 95 per-
cent level, and that the equation describing the combined data would there-
fore be the most appropriate.

The analysis of covariance results were mixed; the seven basin equations
for interior Alaska were statistically different , which indicated that these
data should not be combined to develop one equation. At the basin level, the
four streams in Birch Creek, the two streams in the Chatanika River basin,
and the two streams in the Upper Tolovana River basin had statistically simi-
lar equations for each basin. The six streams in the Crooked Creek basin,
the two streams in the Chena River basin, the two streams in the Goldstream
Creek basin, were statistically different for each basin. At the stream
level, the F value comparison indicated that the three sites on Crooked Creek
and the two sites on the Upper Tolovana River had statistically similar re-
gression equations. The three sites on the Chatanika River and the two sites
on Fish Creek were statistically different.

Of note is the reversal in the Chatanika River basin, One might expect
sites on one stream to have similar regression equations if the total stream
equation were similar to that of a tributary stream. That was not the case
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Figure 19. Plot of regression equation coefficients of determination and
standard errors of est imate.

with the Chatanika River. Covariance analysis indicated that the regression
equations for the sites on the Chatanika River were different, yet the equa-
tion for the combined data from the Chatanika River was not significantly
different from the equation for Faith Creek. When only 1984 data were used,
regressions for the Chatanika River sites were statistically similar, but
when the 1983 data were included the difference occurred.

Whether regression equations are similar between sites, streams and
basins was a central question for this project. Also of interest was whether
regression equations are similar between years. Does the equation developed
from data collected in 1983 and 1984 accurately predict in 1985? Covariance
analysis was used to investigate whether the equations for the combined data-
base and equations for site data from Crooked Creek at Central, Chatanika
River below Faith Creek, and Chatanika River above Long Creek differed be-
tween years. The results, presented in table 3, show that regression equa-
tions can differ statistically from year to year. When all data were com-
bined, the regression equations for each year (1983-85) were different. How-
ever, earlier analysis demonstrated that one should not combine data from
different basins. To rule out the possibility that the difference by year of
the combined data might be a function of basin differences, three individual
sites--Crooked Creek at Central, Chatanika below Faith Creek, and Chatanika
at Long Creek---were investigated. Covariance analysis based on year showed
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Table 3. Summary of covariance analysis by year.

[Equations in the form 41  = g*(sb), where y = TSS, x =-
a = y axis intercept, and b = slope.]-

Location (yr) N a b r2- +SEE  (X) -SEE(X)  F*<F?!

Int. Alaska (all) 885 2.317 0.851 0.81
Int. Alaska (83) 1 5 8 0.689 1.082 0.92
Int. Alaska (84) 543 3.236 0.799 0.80
Int. Alaska (85) 1 8 4 2.871 0.820 0.74

1 1 2 53 no
56 36

1 1 9 5 4
101 50

Crooked Cen (all) 38 14.655 0.535 0.26 123 55 n o
Crooked Cen (84) 19 234.423 0.156 0.04 1 2 1 55
Crooked Cen (85) 1 9 2.009 0.831 0.41 8 7 47

Chat b Faith (all) 56 2.280 0.844 0.61 8 5 48
Chat b Faith (83) 3 2 1.611 0.894 0.77 3 4 2 5
Chat b Faith (84) 2 4 2.553 0.865 0.62 1 3 7 58

y e s

Chat a Long (all) 5 3 0.473 1.179 0.80 4 7
Chat a Long (83) 2 8 0.514 1.092 0.55 3 3
Chat a Long (84) 2 5 0.813 1.055 0.82 5 2

32 no
25
34

turbidity,

that the regression equations for Chatanika at Long Creek and Crooked Creek
at Central were different, whereas regression equations for Chatanika below
Faith were similar (figs. 20 and 21).

Model Validation

Model validation was done with 1985 data from the Chatanika and Tolov~na
Rivers and Goldstream Creek (DEC, 1986) and 1983 data from Upper Birch Creek,
Crooked Creek, and Chatanika River (Wagener, 1984). Appendix C presents the
results of these comparisons. Figure 22 is a histogram of Z scores for 1989
Chatanika and Tolovana DEC data and 1983 data reported by Wagener (1984).
The Chatanika data had an average Z score of -1.07; 55 percent of the
observations were within one standard error of estimate and 98 percent werek
within two standard errors of estimate of the reported values. The Tolovana
data had an average Z score of -0.20, with 89 percent within one standard
error of estimate and 95 percent within two standard errors of estimate of
reported values. The 1983 data had an average Z score of 0.56, with 58 perr-
cent within one standard error of estimate and 88 percent within two standard
errors of estimate of the reported values.

The disparity between the 1985 Tolovana and Chatanika results was note-
worthy. These data were collected by the same people using the same methods
during a 2-wk period, Results from the 1983 data were underpredicted, on
average, and distribution was spread out more than in the other two groups of
data.

- 26 -



TSS
1 0 0 0 0 . o-

1 0 0 0 . o-

* l
*

8
loo- o- * o*  $ll

** l

O *p

* l o*f
8

t
1 0 . o-

l *
*

YeEAR
1 . o-

0 0 0 8!33

* * 8 04

0 . 1
1 I I 1 I I

-I-SS
10000~ o-

1000~ o-

lOO.O-

1 0 .  o -

*
0 Mgg  l

l *
�,�c  O
t

*
* d

*

0

-1

1

b

1
1 0

1 0 0
1 0 0 0
0 0 0 0

- I
0 0 0 0

turbidiey  in N - I - U

l-  o-

0 .  l -

1 k
1 0 0

1 0 0 0
0 1 0 0 0 0

-1 b 0 b b b

tur-taidiizy  i n N - i - U

Figure 20. Plot of turbidity and TSS by year, Chatanika River below Faith
Creek, 1983-84.

Figure 21. Plot of turbidity and TSS by year, Crooked Creek at Central,
1984-85,
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Figure 22. Z score distributions for 1985 Chatanika and Tolovana and 1983
ACFRLJ data.

The Chatanika data came mostly from two sites---Chatanika below Faith
Creek and Chatanika at Long Creek ---which had different Z score distributions.
At the site on Chatanika below Faith Creek, 92 percent of the Z scores (22 of
24) fell within the greater than
site on Chatanika at Long Creek,

-1.0 and less than -0.5 interval and at the

-1.0. In particular,
81 percent of the Z scores were less than

the predicting equation for the site on Chatanika below
Faith Creek may not be accurate for this set of data, but the
precision--- 92 percent within one Z score interval---was good.

Velocity-Turbidity Multiple Regression

Velocity estimates were available for 76 observations within the Crooked
Creek basin.
produced an r2

Simple regression of the log transformed turbidity and TSS data
of 0.82 with an SEE of 0.296 (+98,-49  percent). Velocity by

itself does not have significant relationship with total suspended solids.
The multiple regression model with log velocity as the second predictor vari-
able produced an r2  of 0.85 and an SEE of 0.271 (+87,-46  percent).
not substantial improvements,

These are
but the added velocity variable is statisti-

cally significant at the 95-percent confidence level.
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When only data from Crooked Creek at Central were considered, there was
marked improvement. Multiple regression (log turbidity and log velocity)
improved the simple regression (log turbidity) r2 of 0.207 to 0.686 and
reduced the SEE from +98 (-49 percent) to +56 (-36 percent). Table 4 pre-
sents a comparison of the multiple regression analyses.

DISCUSSION

The underlying premise of this project was that, because placer mining
methods are similar throughout interior Alaska, the turbidity-TSS relation-

ship in placer-mined streams in interior Alaska also may be similar and may
allow the use of one equation to define that relationship. This was not
borne out by the analysis. Regression equations for the seven basins were
statistically different. Of six basins that had two or more streams with 15
or more observations, only three produced statistically similar regression
equations and, in one of those, equations for the individual sites are not
similar. Of four streams that had two or more sites with 15 or more observa-
tions, two had statistically different regressions.

Covariance analysis also indicated that one should be careful using
equations developed from data of previous years to predict TSS. The equa-
tions using all data from interior Alaska were different for 1983, 1984, and
1985. Covariance analysis of three sites indicated that at two of those
sites the equations differed between years. Model validation supported this
uncertainty. Estimates from 1985 Chatanika River site data averaged more
than one standard error of estimate from reported TSS.

Error as indicated by the standard error of estimate is reasonable for
most equations. Considerable variation may occur among individual observa-
tions. Inspection of the data from the site equations with the worst error
terms showed that these sites were close to sluice operations or included

Table 4. Comparison of multiple and simple linear regression equations from
Crooked Creek basin.

[Equations in the form 2 = 2 * (~~bl)a~d(12~:~,c~~~~~c~~n~st~rbidity.

52
= velocity, and El, -2, ._

Location N a
bl b2 r2 +SEE -SEE

- - - ~ - -

Crooked Creek Basin
Simple regression (turb) 72 1.211 0.985 0.788 91 48
Simple regression (vel) 72 134.896 0.165 0.005 305 75
Multiple regression 72 0.851 1.016 0.456 0.828 79 44

Crooked Creek at Central
Simple regression (turb) 16 7.447 0.622 0.207 98 49
Simple regression (vel) 16 210.863 0.073 0.002 114 53
Multiple regression 16 0.001 1.919 2.127 0.686 56 36
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data from a variety of flow conditions. It is important to note that these
equations cannot be used to estimate TSS outside the range of values in the
data sets used to develop the equations , particularly turbidity values less
than 5 NTU. Also, these equations cannot be used to predict TSS in non-
placer-mined streams.

Stream flow levels ---discharge or velocity---can affect the
turbidity-TSS relationship over a wide range of flows. When velocity was
added to the poor relationship at Crooked Creek at Central, the r2  improved
remarkably and the error was reduced equally well. Inspection of the data
showed much different turbidity-TSS relationships at high flows.
Observations in May and early June showed TSS values much higher than the
accompanying turbidity values. Observations from Crooked Creek basin in late
June and mid-August, 1985---times  of high flows---revealed similar
relationships. Low flows in early August may partly explain the poor
prediction performance of the Chatanika site equations on 1985 DEC data.
Lack of measured or estimated discharge and velocity data limits a more
thorough exploration of this. Addition of a discharge or velocity variable
is essential for adequate prediction of TSS from turbidity over a wide range
of flows, although a simple regression may be acceptable for average-level
summer flows.

The research conducted here indicated that the most appropriate use of
regression models to predict TSS from turbidity in mined streams is on a
single site basis. Analyses indicated that regression equations should be
used with care if developed for more that one site, if used on sites that did
not contribute data to the model development, or if used for years that did
not contribute data to the model development. A simple regression equation
developed with data collected during normal flows will underestimate TSS at
high flows and overestimate TSS at low flows. Analysis of covariance
indicated that the relationship may stay the same between years, sites, or
streams, but this constancy of relationship requires verification and cannot
be assumed,

A strong, if not perfect, relationship exists between TSS and turbidity;
turbidity, as well as being much less expensive to collect, has a more en-
forceable standard. Excess amounts of sediment which cause ecological and
aesthetic damage can be accurately monitored or estimated by either para-
meter, and this report has demonstrated a way to estimate sediment loads with
a minimum amount of TSS analysis.

As state and federal funding declines and interest remains constant in
solutions to the issue of water quality in placer-mining areas, funds to do
all desired analyses may not be available. If water-quality monitoring in
placer-mined streams requires both turbidity and suspended sediment
information, then the turbidity-TSS models recommended here can help stretch
the analysis dollar.

CONCLUSION

The results of the analyses conducted in this report support the conclu-
sion that equations are most useful in predicting TSS values from turbidity
measurements when developed on a site basis. Combining all data from
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interior Alaska into one equation is not supported by the analysis, nor is
combining data within a basin or stream. The turbidity-TSS relationship may
change from one year to the next. Multiple regression models using turbidity
and velocity to predict TSS give improved results over a wide range of flows.
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Appendix A. Turbidity and TSS data from interior Alaska streams

UXATXON HYUNXT SOURCE DATE TIME TURB TSS
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Appendix A. (Continued)

OBS LOCATION HYUNIT SOURCE DATE TIM TM3  ‘fSS
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Appendix A. (Continued)

OBS UXATION HYUNIT -. -'SOURCE DATE TIX
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Appendix A. (Continued)
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4040215
4040215
4040215
4040215

DATE TIE TURB TSS

84-08-08

84-08-09

~-Ez
LO849

i%:
8410~10
84-08-10
84-08-27
85-06-16

N-08-23
84-08-08
84-08-09
84-08-09
84-08-01
84-08-01
84-08-08
84-08-08
84-O&08
84-oao8
84-08-09
84-08-0984.oa09
84-08-09
84-08-09

E-:Eg
84:08-09
84.oat0
84-08-10
84-08-10
84-08-10
84-08-21
as-a-17
85-06-20
85-07-23
B-07-24

84-08-02
84-08-01
84-m-31

36 -

1550
2210

:t

;z
1545
1842
2048
1 2 4
656
953
1124
1220
1638
915
1030

1%

1z
1004
1220
1620
1150
1505
1752
2115

63;
900

1157
1504
1800
2057

5$0

1z
60

1155
1440
1515
1515
615

1215
1815-s

1 5
1100
1220
1300
1000

4600.00
2500.00
710.00
160.00

E%
3600:00
650.00
1400.00
5100.00

390.00
240.00
450.00

3300.00
400.00

1300.00
0.75

2000.00
3400.00
1100.00
340.00
280.00

1200.00
1000.00
300.00
340.00
600.00
170.00
500.00
370.00
300.00
50.00

210.00
130.00
120.00
220.00
600.00
340.00
400.00
370.00
110.00
270.00

1000.00
180.00
250.00
230.00
150.00
450.00
400.00

0.50
370.00

1300.00
1.10

EfoO
160:o
350.0
E*i

gO3:;
2700:o
7100.0

%%
31o:o

7600.0

:"s*:.

19lE
261o:o
1000.0
130.0
350.0

1812.0
1810.0
270.0
480.0
990.0
240.0
660.0
370.0
420.0
173.0
160.0
210.0
250.0
280.0
770.0
360.0
560.0
400.0
88.0

358.0
1205.0
199.0
239.0
199.0
146.0
394.0
349.0

43E
1340.0

0.8



Appendix A. (Continued)

O B S  fAWS’ION HYUNIT *y  SOURCE DATE TIS TURB TSS

478

tg
481

::

ig

ig
488
489
490
491
492
493
494
495
496
497
498
499
500
5 0 1
502
503
504

s":

5'z
509
510
511
512
513
514

517
518
519
520
5 2 1
522
523
524

;2

$3
529
530

CHE?UANORDALE

izz  f: EEE
CHENA A SM TRAC
CHENA A WENDELL
CHENA A WENDELL
CHENA A WENDELL
CHENA A WENDELL
CHENA A WENDELL
CHENA A WENDELL
CXENA  MF A MINE
CHENA  MF B FOND
CHENA MF B FOND
CHENA MF B FOND
CHENA MF B POND
CHENA NF A EF
CHENA NR 2 RI
CHENA  NR 2 RI
CHENA NR TYO  RI
CHENA NR TWO RI
CHENA NR TWO RI
CHENAJF  AB MTH
CHENA,EF  AB KI’H
CHENA,EF  AB MTH
CHENA,NF AB EF
CHENA,NF  AB EF
CHENA,NF AB EF
CRIPPLE A CHENA
CRIPPLE A CHENA
CRIPPLE A CHENA
FAIRBANKS A KM
FAIRBANKS A MTH
FAIRBANKS A MTH
FAIRBANKS A KI’H
FAIRBANKS A PAX
FAIRBANKS A SAT
FAIRBANKS A SAT
FAIRBANKS A SAT
FAIRBANKS A SAT
FISH AT GOLD DR
FISH AT GOLD DR
FISH B GOLD DRG
FISH B COLD  DRG
FISH B GOLD DRG
FISH B GOLD DRG
FISH B GOLD DRG
FISH B GOLD DRG
FISH B GOLD DRG
FISH B GOLD DRG
FISH B GOLD DRG
FISH B GOLD DRG
FISH B GOLD DRG
FISH B GOLD DRG

4050601
4050601
4050601
4050601
4050601

:E%
4050601
4050601
4050601
4050601
4050601
4050601

:g%1
4050601
4050601
4050601
4050601
4050601
4050601
4050601

:::%i
4050601
4050601
4050601
4050602
4050602
4050602
4050603
4050603
4050603
405wo3
4050603
4050603
4050603

:gz;
4050604
4050604
4050604
4050604

::;%i
4050604
4050604
4050604
4050604
4050604

44gE
4050604

i
4
4

1'
1
1

i

z

i

:

z
1

i

i
1

i
1
4
4
4
1

;
1

;
1

:
1
1
1
1
1
1
1
1
1
1
1
1
1
1

84-08-13
84-08-13
84-08-13

83-08-05

83-08-05
83-08-10
83-08-10
8wE49
84-05-15
85-05-15
84-08-10
84-08-13
84-08-16
84-08-20
04-08-16
84-08-10
84-08-13
84-08-16
84-08-20
84-08-10
&I-08-20
84-08-13

Ki-it
84108114
84-08-14
84-08-14
84-oa-14
84-08-14
84-08-15

i%;:
84:08:15

1837
2140
1200
1200
1210
1755
1250
2100
1120
2058
1150
1210
1211
1212
1300
1405
1305
1745
1800
1345
1430
1620

1:::
1725

1;;o"
1200
1200
1200
1910
2030
1925
1815
2100
2020
1645
2040

E
1830
2000
2300
200
500
800

1100
1400
1700
200
500

1100
1400

2 . 1
0.7

15.0
13.0
2.7
3.0
5.2
3.0

25'

30::
3.8
4.9
3.5
0.2

25"
3 . 4
1.3
2.2
2.5

;:;

i* :
0:4

45.0
250.0
26.0
0.8

kk;
0 . 5

120.0
60.0

360.0
1800.0

2::
19.0

;I*;
;:;

.

1;:'o
12.0
14.0
17.0
14.0
18.0
18.0

12.00
5.60

86.00
47.00
5.00
7.00
4.00
4.00
4.00
11.00
1.00

18.00
22.00
26.00
17.00
4.00
4.00

13.00
4.00
1.30
1.00
8.00
5.00
5.00
1.00
2.00
2.00

235.00
2c60.00
226.00

0.05
0.20
0.80
0.80

118.00
40.00

3368.00

7:iEo"
62:00
28.00
38.00
16.00

1E
23:00
18.00
24.00
18.00
30.00
30.00
48.00
46.00
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Appendix A. (Continued)

OBS UXATION HYUNIT

%

:t

::;

55:

g

:z
597
598
599

%

SE

ig

%Z
608
609
610
6 1 1
612
613
614
615
616
617
618
619
620
6 2 1
622
623
624
625

:g
628
629
630
631
632
633

2;
616

ki& : iii
LalMAAams
LCliENAACHRS
LCHENA A CHRS
LCHENA A CHSR
LCHENA A MSR
LCXENA  A CHSR
LCHENA A CHSR
LCZiENA  A MSR
LCMENA  A CHSR
LCIENA  A CHSR
LCXENA  A CHSR
LCIENA  A CHSR
LCHENA A CHSR
LCHENA  A CHSR
LCHENA A CHSR
LCHEINA  A NORDAL
LCHENA A NORDAL
LCHENA  A NORDAL
CHATANIKA A 39M
CHATANIKA A 39M
WTANIKA  A 39M
CHATANIKA A 39M
CHATANIICA  A 39M
CIiATANIKA  A 39M
CHATANIKA A 39M
CXATANIKA  A 39M
CHATANIKA  A 39M
CMTAJUKA  A 39M
CHATANIKA A39M
CliATANIKA  A 39M
GIATANIKA  A39M
CHATANIKA A39M
CHATANIKA  A 39M
CHATANIKA A 39M
CHATANIKA A 39M
CHATANIKA A39M
CHATANIKAA 39bl
CHATANIKAA 59H
CHATANIKAADOT
CHATANIKA A ELL
CHATANIKA A ELL
CHATANIKA A ELL
CHATANIKA AELL
CHATANIKAAELL
CHATANIKA  A ELL
CHATANIKA AELL
CHATANIKA AELL
CHATANIKA A ELL
ClUTANIKA  AELL
CXATANIKA  A ELL
CMTANIKA AELL

4050605

:gi%g
4050605
4050605
4050605

44:::
4050605

:g%g
4050605
4050605

:~~~
4050605
4050605
405cm5
4050605
4050605
4050901
4050901
4050901
4050901
4050901
4050901
4050901
4050901
4050901
4050901
4050901
4050901
4050901
4050901
4050901
4050901
4050901
4050901
4050901
4050901
4050901
40509ol
4050901
4050901
4050901
4050901
4050901
4050901
4050901

%z:
4050901
4050901

SOURCE

:

z
:
1
1
1
1
1
1
1

1
1
1

1:
4
1
1
1

;

1
1
1

:

i

:

i

t
4

:
1
1
1
1
1
4
4

:

t

DATE

84-08-11
84-08-11

83-08-06

84.08-a7
84-08-10
84-08-14
84-08-14
84-08-15
84-08-15
84-08-21

83-08-07

TIE

1905
1915
1819
2200
2100
2020
2200
300
700
1200
1300
1340
1900
1305
1710
1335

172z
1200
1200
1345
2000
1030
1150
2140
1250
1430
2255
1315
1435
1255
1256
1723
1530
1540

1;:
745
1630
1510
1605
1110
2010
1115
2145
1130
210

'1200
1200
1122
2118
1410
1200

TURB

5.8

;::
2.2

::i
6.1
9 . 2
8.8

:*:
5:7

E
9:3

7"*:
12:o

4.8

ii*%
12:o
10.0
6.9

16.0
65.0
5.1

22::
14.0

3 . 9
13.0
12.0

:*2"
8:0
4.5

t:;
4.6

13.0
16.0
11.0

:::
29.0

10.0
12.0
15.0

65::

;:i

ix
6:0

2:
6:0
10.0
12.0
6.0

ai*:
164:0
258.0

:::
2.0
5.0
3.0
1 . 0

::i
18.0
15.0
28.0

3;::
4.0
4.0
4.4

24.0
6.4

63:;
9.0
2.0
4.0

2:;
2.0
3.0

!E
8:0
4.0

10.0
227.0
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Appendix A. (Continued)

OBS

690
691

%
!F
6%
697698
699
700
7 0 1

:il?;z
709
710
7 1 1
712
713
714
715
716
717
718
719
720
7 2 1
722
723
724

;2

773
729
730
7 3 1

739
740
741
742

iiEEi zEiEE tiz
CHATANIKA ALONG
CHATANIKA ALONG
QUTANIKA  ALONG
QiATANIKA  ALONG
CHATAJUKA  ALONG
CHATANIKA ALONG
WTANIKA ALONG
CHATANIKA  ALONG
WATANIKA  ALONG
CHATANIKA ALONG
CHATANIKA ALONG
CHATANIKA ALONG
CXATANIKA  ALONG
WATANIKA  ALONG
CHATANIKA ALONG
CHATANIKA B FAI
CHATANIKA B FAI
CHATANIKA B FAI
CXATANIKA B FAI
CHATANIKA  B FAI
CHATANIKA B FAI
CHATANIKA B FAI
CHATANIKA B FAX
CUTANIKA  B FAX
CHATANIKA B FAI
CHATANIKA B FAX
CHATANIKA B FAI
CHATANIKA  B FAI
UiATANIKA  B FAI
CYATANIKA  B FAI
CHATANIKA B FAI
CHATANIKA B FAX
QMTANIKA  B FAI
CHATANIKA  B FAI
CIiATANIKA B FAI
CHATANIKA B FAI
CHATANIKA B FAI
CHATANIICA B FAI
U-IATANIKA B FAI
QiATANIKA  B FAI
CHATANIKA B FAI
CHATANIKA B FAI
CHATANIKA B FAI
CHATANIKA B FAI
CHATANIKA B FAI
CHATANIKA B FAI
CHATAJUKA  B FAX

HYUNIT

4050901
4050901

~~:;

:gg

::;g
4050901
4050901
4050901
4050901
4OmOl
4050901

::ggiz
4050901
4050901.
4050901
4050901
4050901
4050901
4050901
4050901
405O901
4050901
4050901
4050901
4050901
4050901
4O509Ol
4050901
4OmOl
4050901
4050901
4O5ogOl
4050901
4050901
4050901
4050901
4050901
4050901
4m901
4050901
4050901
4w901
4050901
4050901
4050901
4050901
4050901
405090~
4m901

SOURCE

3
3
3

z

:
3

:

z

;

z
3
3

i
4
1
1
1
1
1
1
1
1
1
1
1
1
1

;
1
1
1
1
1
1
1
1
1
1

;
1

1
1
1

DATE

84-08-09
84-08-10
84-08-10
84-08-10
a4-08-10
84-08-10

KE:
84109-23
83-08-06
83-08-09
83-OS-O9

83-08-10
83-08-10

83-08-l 1
83-O8-11
83-08-11
83-08-11
83-08-11
83-08-11

83-08-16

220

iii:
1120
1420
1720
2020
2320
220
520
725
820

1120
1420
1620
1706
1554
1600

E
1610
1725
1510
1730
2030

2:;:
530
830

1130
1430
1730
2030

2::oo

F$?l
1130
1430
1730
1855
2030
2330
230

ii::
1130
1430
1730
1930
2010
1930
2025

3.9
7.8 E

70.0 71:o
95.0 100.0
x

8:2

22.0 43.0

4.1 1::;
3.6

30.0 29”::
3.7

60.0 6;::
85.0

2:: :;*:  24:0
15.0 19.0
9.4

;::
:*:
lo:o

1:::, 3.6 5.0
45.0 120.0
;I*: 38.0

29:o Z:i
38.0 g.:
70.0 .
75.0 90.0
70.0 76.0

50:o ;5s*:
62.0
46.0 48.0

34.0 40.0
60.0 68.0
go.0 110.0
140.0 144.0
110.0 118.0
85.0 88.0
60.0 42.0

70.0 72.0
140.0 132.0
150.0 152.0
ljO.0 134.0
120.0 100.0
85.0 64.0
55.0 44.0

20:o %E

42.0

48.0 22.0
32.0 37.0

- 39 -



Appendix A, (Continued)

OBS LDCATIOW

FAITMA-E

i%iE
FAITH A STEESE
FAITli  A STEESE
FAITH A STEESE
FAITH A STEESE
FAI’IW A STEESE
FAITH A STEESE
FAITH  A STEW
FAITH A STEESE
FAITH A STEESE
FAI’TY  A STEESE
FAI’Ili  A STEESE
FAITH A STEESE
FAITH A STEESE
FAITH A STEESE
FAITHABMCUAI
FAITH B MCINTSH
FAITH B MCINTSH
FAITH B MCINTSH
FAITH B MCINTSH
FAITH B MCINTSH
FAITH B MCINTSH
FAITH B HINE
MC?WUS  A FAIlI
MC#UNUS  A FAITH
IWANUS  A FAI’IN
MCMANUS A FAITH
MCMANUS A FAITH
MCHANUS  A FAITH
MCXANUS A FAITH
MCXANUS A FAITH
MCMANUS A FAITH
MMANUS  A FAI‘lli
MWUS  A FAITH
MCMANUS A FAITH
TATALINA A BRIE
TATALINA A BRDG
TATALINA A BRDG
TATALINA A BRDG
TATALINA A CHT
OOLDSTREAM A FX
OOLDSTREAM A FX
GOLDSTREAM  A FX
GOLDSTREAM  A LR
COLDSTREAM  A MT
GOLDSTREAM  ALOG
GOLDSTREAM  B FX
COLDSTREAM  B FX
COLDSTREAM  B FX
OOLIH’REAM B FX
OOLDSTREAM B FX

HYUNIT

4050904
4050904

~~:
4050904

:gg:
4050904
4050904
4O50904

:~~:
4050904

:z%:
4O509O4
4050904
4050904
4050904
4050904
4050904
4050904
4050904
4050904
4050904
4050905
4050905
4050905
4050905
4050905
4050905
4050905
4050905
4050905
4050905
4050905
4050905
4050906
4O50906
4050906
4050906
4050906
4050910
4050910
4050910
4050910
4050910
4050910
4050910
4050910
4050910
4050910
4050910

SOURCE DATE TIE TURB TSS
83-08-06
83-08-06
83.OaOg
83-084

g-E22
83IOs.16
83-08-16
84-08-07
84-084

LizE~
84:08--15
;-oa;:

84:oa21
84-09-23
84-08-21
84-08-01

E-E:
84:oa  17
84-08-29
84-08-30
85-06-09
83-08-06
83.oaog
83.oa12

2-E
8Loam
84-08-10
84-08-14
84.oa15
M-08-15
84-08-21
84-09-23

!EE
LOc16

itEE;
84:05-09
84-05-15
a5-05-15
84.0115

!Ez
a3:oaoa

gEz
83108-14
83-08-14

1645
1740
1500

i7&
2000
1910

?7?
1722
1516

'E
1825
900

2230
1445

1g

g;
1310
1 555
450
653
655

z-i

g:;
1652
1515

'E
1830
910

1415
1200
1200
1530
1200
1326
1200
1200
1200
1200
1240
120Q
1225
1050
1130
1455
1540

45.0
120.0
120.0

E
70:o
31.0
55.0
140.0
120.0
39.0
140.0
14.0
i20.0
17.0
65.0
40.0
12.0

2600.0
190.0
550.0
600.0
280.0
130.0
130.0

O*3
0.3
0.2
0 . 4
0.2
0.1
0.3
1 . 0
0.4

0":;

i:&
.

A:;
2.3

40.0
180.0
75.0
190.0
3 0 . 0

190.0

Ei
3oo:o
260.0
no.0

44.0
182.0

E
g:;

39:o
78.0

260.0

%i
17o:o
21.0

416.0
14.0

148.0
29.0
19.0

1890.0
339.0
465.0
767.0

::E
nS:o

1 . 0
1 . 0
1 . 0

2-i
4:o

E

E

i::
16.0
70.0

5;::
.

6:::
726.0
128.0
60.0
128.0
556.0
292.0
272.0
250.0
282.0

40 -



OBS UKATION

902
903
904

E
9m

E9"
910
911
912
913
914
915
916
917
918
919

E
922
923
924
925
926
927
928
929
930
9 3 1
932

;:i
935
936
937
938

;t:
941

;t:
944

;2
947
948
949

iFi)
952

E34

GILMEBHUIN
GIUORE B BDMN
GILHIRE  B HMIN
GILME  B BKN
GILlORE  B BJMN
GIWRE B BIXN
GILWREBBMIN
GILHIRE  B BI3U.N
GItEIoRE  B BWIN
GIIJ4X.E  B WIN
GIlloRE  B BcE(IN
GILHORE  B BDHIN
GILMIRE  B BDMIN
GUMRE  B BMIN
GILME  B BIMN
GIIJQRE  B BrXMIN
GILKNE  B BCMIN
GlLlgRE  B BDMIN
GILNXE  B BLMIN
GlIKIRE  B BIMN
GILJQRE  B BIMN
GILWE  B BIWN
GILJQRE  B BDHIN
GILMXE  B BCHN
GILHIRE  B BMIN
GILMORE  B BCHIN
GILMXE  B BDMIN
GILMIRE  B BDMIN
GILMME  B BDMIN
GIMRE  B HWN
GILJQRE  B BIMN
GILMORE  B MIN
GILKIRE  B BMW
GILXJRE  B BDMIN
GILMORE  B BDMIN
GILWRE  B BDMN
GUtIRE  B BIXIN
GILMIRE  B mIN
GILMIRE  B BIMN
GwlIDRE  B BEKN
GILHDRE  B BlMIN
GILKIRE  B BDHIN
GILKME  B BIMN
GIWRE B BIXIN
PEDRO A MM
PEDRO A MTH
PEDRO A KIH
PEDRO A MlW
TOLOVANA A BRDC
TOLOVANA A BRDG
TOLOVANA  A BRDC
TOLOVANA A BRDG
TOLOVANA A BRCC

Appendix A. (Continued)

HYUNIT - WJRCE -DATE TIM? TURB

4050912
4030912
4050912
4050912
4050912

:gg122

:~~i3
4050912
4050912
4050912
4050912
4050912
4050912
4050912
4050912
4050912
4050912
4050912
4050912
4050912
4050912
4050912
4050912
4050912
4050912
4050912
4050912
4050912
4050912
4050912
4050912
4050912
4050912
4050912
4050912
4050912
4050912
4050912
4050912
4050912
4050912
4050912
4050913
4050913
4050913
4050913
4050920
4050920
4050920
4050920
4050920

2
2

3

;
2

9

22
2
2
2

:
2
2
2
2
2

2'
2

z
2

5
2
2
2

f

5
2

5
2
2
2
2
2
1

;
3
4

I
4

84-06-16
84-06-16
84-06-17
84-06-17
84-06-17

84-08-26
84-08-26
84-08-27

84-08-28
84-08-28
84-08-29
84-08-29

84-08-10
84-08-13
84-05-09
84-05-15
84-08-12
85-05-15
85-084

1155
1825
940

1430
1830
1155
1355
1510

1E
1430
1120
1250
1515
1415
1610
1700
1300
1610
1715
940

1310
1525
1000
1230
1540
930

1245
1510
1210
1515
1755
1135
1440
1630
1130
1525
1725
1130
1440
1625
1135
1630
1800
1445
1235
1812
1900.
1200
1200
1255
1200
1440

280.00
1100.00
500.00

EE
.500:00

E*8i
7oo:oo

iE:
750:oo
700.00
900.00

5300.00
3400.00
2900.00
3000.00
3200.00
3100.00

%E:
2600:00
3400.00
3100.00

:G%
1200:oo
1600.00
1400.00
1600.00
2200.00
1700.00
2200.00
2800.00
2100.00
1900.00
1800.00
2100.00
1600.00
1600.00
1600.00
1600.00
1700.00

70.00
55.00
go.00
30.00
2.40
3.80
1.60
4.20
1.02

TSS

20.0

go"

:$:
324:O

g-:
19o:o
195.0
3c5.0
235.0
374.0
315.0

1300.0
600.0
620.0
660.0
620.0
620.0
670.0
730.0
1050.0
960.0
820.0
430.0
365.0
300.0

E*:
445:o

iii?:
720:0

1240.0
560.0
620.0
460.0
580.0
460.0
420.0
500.0
420.0
440.0
34.0
70.0
93.0
34.0
10.0
30.0
1.0

24.0
1 . 2
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Appendix A. (Continued)

OBS LOCATDN HYUNIT SOURCE DATE TIM TURB TSS

1008
1009
1010
1011
1012
1013
1014

lx
1017
1018
1019
1020
1021
1022
1023
1024
1025
1026
1027
1028
1029
1030
1031
1032
1033
1034
1035
1036
1037
1038
1039
1040
1041
1042
1043
1044
1045
1046
1047
1048
1049
1050
1051
1052
1053
1054
1055
1056
1057
1058
1059
lc%O

TllwvANAAuF
iEE:z
TaOVlVlAAwF
TQLOVANAAWF

EE;:Z

ii!ikKE  i z
TOLOVANAAUF
'IWOVANA  A WF
TOLOVANA A WF
TOLOVANA A WF
TOLOVANAAWF
TOLOVANA A WF
TOLOVANA A WF
TOLOVANA A WF
ToLovAMAwF
TOLOVANA A WF
TOLOVANA AWF
TaOVANA  A UF
TOLOVANA A WF
TOLOVANA A WF
?OLOVANA  AWF
TOLOVANA A WILB
TOLOVANA AWILB
TOLOVANABWF
TOLOVANABWF
TOLOVANABUF
TOLOVANA B WF
TJXOVANABWF
TOLOVANABWF
TOLOVANA B WILB
TOLOVAJlABWILB
'I'QLOVANAB  WILB
TOLOVANA WF
TaovANA  WF
TOLOVANA WF
TOLOVANAWF
ToLovANAwFAcc
TOLOVANA WF ACG
lDLOVANAWFACG
LIVENGOODABRD
LIVENGtMDABRD
LIVENGOODABRD
LNENGOODABRD
KVENGOODABRD
LIVENGOODABRD
LIVENGOODABRD
LIVENGOODABRG
LIVENGCNDABRG
LIVENGOODABRG
LIVEKOODAELL

4050920

ZzE
4050920
4050920
4050920
4050920
4050920
4050920

EE8
4050920
4050920
4050920
4050920
4050920

::;g;:
4050920
4050920
4050920
4050920
4050920
4050920
4050920

:::g3:
4050920
4050920
4050920
4050920
4050920
4050920
4050920
4050920
4050920
4050920
4050920
4050920
4050920

:::ig:
4050921
4050921
4050921
4050921
4050921
4050921
4050921
4050921
4050921
4050921
4050921

3

;
3;
3;
3
3:
!
3i
3

3
:
:
1
1
1
1

;
1
1

;

a
1

:
4
4
3

;

:
1

:
4

84-08-14

Ezi-144
841oc14
84-08-15

EE:
84Ioa-16
84-08-16
84-08-16
84-08-16

84-08-12
84-08-16
84-08-12
84-08-12
84-08-16
84.oal2
84.oal2

~-05-09
84-05-15
84-08-12
84-08-12
84-oa16
84-08-16

83-08-11
85-08-W

1020
1320
1620
1920
2220
1 2 0
420
720
1020

:iz
1920
2220
1 2 0
420
720
1020
1320
1620
1920
2220
120

1415
1415
1900
1907
1430
1520

12:

:;2
2012
2125
1910
1642
1747
1602
1602
1335
1420
1850
1200
1200

350

1;::
1200
1740
1300
1925
1425

12.0
8 . 6
5.4

24.0

E
1o:o

:Ki
;;:;

a8:;
.

2:;
14.0
9.2

14.0
16.0
16.0
34.0
32.0
28.0
17.0

:::

88':
14:o
12.0
16.0
15.0
6.8

120.0
180.0

1.6

0":;

::i

1.39
18o:o
220.0
190.0
260.0
17.0
12.0

230.0
10.0

'ZKi
24:0

27.0
15.0
13.0
52.0
30.0
23.0
17.0
23.0

E
83:o
55.0
20.0
14.0
17.0
19.0
15.0
24.0
21.0
39.0
60.0

:*:
43:o
5.0
4.0
12.0

369::
30.0
35.0
23.0
21.0

710.0
1400.0

4.0
14.0
4.0

25"
1 . 0

%!;:;

284:o
230.0
25.0
24.0

757.0
13.0

234.0
30.0
105.0
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OBS

1114

:1;:
1117
1118
1119
1120
1121
1122
1123
1124
1125

KxAmN

KoTuMLsFADt
KOTUKDK  SF A DA
KDYUKUKSFADA
KOYUKUKSFAHUY
PROSPECT A DALT
PROSPECT A MINE
PR(36pEff  A MIUG
PROSPECT A PIPE
PROSPECT B MING
PROSPECT B MING

Appendix A. (Continued)

HYUNIT

4060101
4060102
4m201
4060201
4060201
4060201

:%E
4060201

zzoo1
4060201

S O U R C E DATE T I E TURB ISS

844848
85-06-l  1
84-08-03
84-08-09
85-00-16

Ez

1735
2200
1615
1500
1150
2100
1550
1200
1030
1050
1940
1 4 0

E
5:20
0.70
0.30
0.90
2.90
0.34
2.80

55.00

2g*::.

14.0

67:;
3.2
0.8

i::
0.3
6 . 3

294.0
194.0
48.0
73.0

180.0
11% PROSPECT B bUJG 4060201 85-08-15 2240 6.00
1127 PROSPECT B MING 4060201 4”
1128

740 50.00
PROSPEa B PIPE 4060201 4 1010 25.00 9 . 4
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Appendix B. Further explanation of statistical techniques

A. Standard Error of Emtimata.

&caumo  tha linear rograrmion  u8m logarithnic  transformation of

the data, the calculated  l tandard l ror of l etiutm i8 a logarithm. In

thir report it ir roportad a8 a parcmtaga which im calculatad  by

adding (and l ubatraoting) the SEE to the logarithm of a baas  linear

value,  back tramforming  the ro8ult to a linear  value, subtracting the

ba8o linaar value  from thim fosult and dividing by the barm linear

value. Below is a l ampla calculation:

Tha standard l rror of l stimato for the log-log equation  for the

combined data from Birch Creak  bamin im 0.243. Asmum a linear value

of 2.00 rilligramm  par liter.

+SEE(%)-[  (10 (10g(200)+*243))-2001/,,,  1.75 or 75 percent

1.43 or 43 parcant
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Appendix B. (Continued)

different badna,  mtrrrrr or ritar are rimilar, indicator

variabloti  for tha different location8 arm added to the  basic

turbidity-TSS modal. An F tast  is performid to 1.0 if tha  rlopo  and y

intercept  coofficionts  of the full model (with indicator variables)

are statistically  different  from those of a roducad  model (without

indicator variables) at a specified confidence  level. ,?LO equation for

this relatfonahip  is:

wham:

SSEp is the error sum of squares for the full model,

SSER ir the error 6um of squares for tha reduced model,

dfp  i8 the degrees of freedom for the full modal,  and

dfR  is the degrees of freedom for the reduced model.

If the calculated P* i8 1e8s  than F at a specified  confidence

love1  (P values  ara from an F value tablr), the inference is that the

two groups of data are not statistically different  at that level

(Neter,  Wa8sorman, and Rutner 1985). Thi8  typ8  of analysis  can also be

used to moo if data from different years or sources can be combined.
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Appendix C. Model validation results

S A M P L E  L O C A T I O N  DATB  c z TURB TSS TSS Diff 2 VALUE
TI)CIC field  raprtd calcltd Rpt-Calc

(NW wm owl 1 owl) (R-P)/SEE

A. Data collrctad  by DEC at variour  location in interior  Alaska
in 1985.

CHATANIKA  A POX 85081605
II a a 85081676

CHATANIKII,  A 39 M 85081606
CXATANIKA  A L&NG  85081607

I I II  II 85081650
I I II  II 85081651
II * m 85081652
II n a 85081653
n II  a 85081654
I I II  w 85081655
II n n 85081656
I I II  w 85081657
II n II 85081658
I I a la 85081659
I I II w 85081661
I I II a 85081662
n 0 w 85081663
II a * 85081664
II II w 85081665
n w w 85081666
I I w n 85081667
I I II II 85081668
I I II II 85081669
I I II II 85081670
II I) II 85081671
I I w II 85081672
I I m II 85081673
I I II a 85081674
11 n w 85081675

FAITH ABOVE MCXAN85081609 290.0 76.0 345.1 -269.1 -1.39
I# w " 85081623 93.0 31.0 119.9 -88.9 -1.32

CHATANIKA B F&M
II a II
I I II II

I I II II

I I II II

I I II I

I1 I8 n

II I II

85081625 62.0 11.0 87.6 -76.6 -1.03
85081626 164.0 36.0 206.9 -170.9 -0.97
85081627 104.0 28.0 138.4 -110.4 -0.94
85081629 264.0 97.0 315.2 -218.2 -0.82
85081630 310.0 110.0 363.3 -253.3 -0.02
85081631 240.0 80.0 289.8 -209.8 -0.85
85081632 276.0 100.0 327.9 -227.9 -0.82
85081633 200.0 54.0 .- 246.6 -192.6 -0.92

4.2
6.5
4.4

115.0
30.0
12.0
7.0
6.5
8.5

18.0
28.0
44.0
37.0
34.0
22.0
20.0
33.0
22.0
38.0
30.0
33.0
24.0
22.0
21.0
32.0
44.0
39.0
38.0
40.0

1.0 3.5
8.0
1.0 X:i

15.0 127.2
7.0 26.1

12.0 8.9
6.0 4.7
3.0 4.3
2.0 5.9
4.0 14.3

21.0 24.0
14.0 41.0
12.0 33.4
1.0 30.2
4.0 18.1
5.0 16.2
4.0 29.2

11.0 18.1
12.0 34.5
8.0 26.1
8.0 29.2

;:::
20.1
18.1

5.0 17.1
5.0 28.1

13.0 41.0
10.0 35.5
4.0 34.5
8.0 36.6

Avarag8 for Chatanika at

-2.5 -0.79
2.3 0.45

-2.0 -0.58
-112.2 -1.88
-19.1 -1.56

3.1 0.76
1.3 0.59

-1.3 -0.64
-3.9 -1.41

-10.3 -1.53
-3.0 -0.27

-27.0 -1.40
-21.4 -1.36
-29.2 -2.06
-14.1 -1.66
-11.2 -1.47
-25.2 -1.84
-7.1 -0.83

-22.5 -1.39
-18.1 -1.48
-21.2 -1.54
-14.1 -1.49
-13.1 -1.54
-12.1 -1.51
-23.1 -1.75
-28.0 -1.45
-25.5 -1.53
-30.5 -1.88
-28.6 -1.66

Long W-1.30
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Appendix C. (Continued)

EAST F TOlamNA 85081954 5.50
n n n 85081955 5.90
II n 0 85081956 5.50
n n 0 85081957 4.90
n n a 85081958 4.70
H n n 85081959 6.80
n n u 85081960 6.50
It n n 85081961 12.00
H n n 85081962 6.80
n n n 85081963 5.50
n n 0 85081964 4.90
I) n n 85081965 5.00
H n n 85081966 5.50
I I n a 85081967 5.60
n * n 85081968 6.20
0 n H 85081969 6.10
n n m 85081970 6.40
n n n 85081971 5.10
II n n 85081972 4.70

TOLOVANA A TAPS 85081973 5.80 4.0 10.1 -6.1 -1.13
n It n 85081974 5.70 5.0 9.9 -4.9 -0.93
n n n 85081975 5.40 5.0 9.3 -4.3 -0.87
n n n 85081976 5.60 6.0 9.7 -3.7 -0.72
n a I( 85081977 6.20 8.0 10.8 -2.8 -0.49
n n n 85081978 6.40 10.0 11.2 -1.2  -0.20
n n w 85081979 5.00 11.0 8.6 2.4 0.53 (
n n n 85081980 5.50 6.0 9.5 -3.5 -0.69
n n a 85081981 5.70 11.0 9.9 1,l 0.21
n n n 85081982 5.40 9.0 9.3 -0.3 -0.06
n n n 85081983 5.70 9.0 9.9 -0.9 -0.17
W n m 85081984 6.00 7.0 10.4 -3.4 -0.62
n 0 n 85081985 6.20 9.0 10.8 -1.8 -0.32
n n I( 85081986 5.70 5.0 9.9 -4.9 -0.93
I n 0 85081987 5.60 9.0 9.7 -0.7 -0.13
H n n 85081988 5.30 6.0 9.1 -3.1 -0.65
It m n 85081989 5.10 3.0 0.0 -5.8 -1.24
* n 0 85081990 5.10 6.0 0.8 -2.8 -0.59
It n n 85081991 4.90 5.0 a.4 -3.4 -0.76
tt n n 85081992 5.00 6.0 8.6 -2.6 -0.56
n n n 85081993 4.70 6.0 8.0 -2.0 -0.47
n * n 85081994 4.80 9.0 8.2 0.8 0.18
It n n 85081995 4.40 10.0 7.5 2.5 0.64
* n n 85081996 5.30 6.0 -9.1 -3.1 -0.65

TURB TURB TSS TSS Diff Z VALUE
lab f iald  roprtd calcltd Rpt-Calc
wm mm owl 1 (w/l) (R-PI/SEE

6.0 9.5
13.0 10.3
3.0 9.5
6.0 8.4

12::
8.0

12.0
10.0 11.4
58.0 22.1
12.0 12.0
6.0 9.5
6.0 8.4
6.0 8.6
6.0 9.5
7.0 9.7
8.0 10.8
8.0 10.6
7.0 11.2
6.0 8.0
5.0 8.0

Average for Tolovana ab

-3.5 -0.69
2.7 0.50

-6.5 -1.29
-2.4 -0.54
-1.0 -0.24
0.0 0.01

-1.4 -0.23
35.9 3.05
0.0 0.01

-3.5 -0.69
-2.4 -0.54
-2.6 -0.56
-3.5 -0.69
-2.7 -0.52
-2.8 -0.49
-2.6 -0.47
-4.2 -0.71
-2.8 -0.59
-3.0 -0.71

W88t F o r - O . 2 5
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